In May 2003, the Second American Society of Regional Anesthesia Consensus Conference statement was issued partly in response to continued safety concerns over the use of regional anesthesia-in particular, neuraxial techniques-with low-molecular-weight heparin (LMWH) prophylaxis in major orthopedic surgery. As the 2003 Consensus statement makes clear, regional anesthesia may be used safely with LMWH prophylaxis. The key to optimizing patient safety, however, depends on a careful calibration of the total daily dose and the timing of the first and subsequent doses of the LMWH drug with the timing and management of the regional anesthetic procedure. Because the challenge of successfully providing regional anesthesia in the presence of LMWH thromboprophylaxis is a clinical one, anesthesiologists should do what they can to ensure that every member of the surgical team has an understanding of current literature and practice guidelines such as those recently published by the American Society of Regional Anesthesia. 
I
n May 1993, enoxaparin (Lovenox ® ; Aventis Pharmaceuticals), the first low-molecular-weight heparin (LMWH) approved by the United States (US) Food and Drug Administration (FDA), was distributed for general use, including an indication for thromboprophylaxis in major orthopedic surgery (1) . Within 1 yr, 2 cases of spinal hematoma had been voluntarily reported, and over the next 5 yr the FDA compiled a total of nearly 60 cases associated with regional anesthesia and any LMWH use. In response to the first of these reports, which detailed instances of spinal hematoma occurring in patients undergoing epidural or spinal block while receiving LMWH thromboprophylaxis with enoxaparin (2), the manufacturer of enoxaparin revised the warnings section of the drug's label and altered the prescribing information. In late 1997, the FDA issued a health advisory (3) and requested all manufacturers of LMWHs to include "black-boxed" warnings on their drug's labeling (1) . By 1998, the first set of practice guidelines to deal with this particular complication, from the American Society of Regional Anesthesia (ASRA) Consensus Conference on Neuraxial Anesthesia and Anticoagulation, was made available to clinicians (4) . Despite these changes and precautions, cases of spinal hematoma continued to be reported-although much less frequently-fueling the continued concern over the use of regional anesthesia with LMWH prophylaxis (1) . It is in this context that an updated ASRA Consensus Conference statement was published in May 2003.
A close reading of these latest guidelines can result in several useful observations-useful not only for anesthesiologists but also for surgeons, hospitalists, nurses, or other health care professionals who care for orthopedic patients. First, spinal hematoma, although a serious complication, is rare (1, 5) . Concern about its possible occurrence should not outweigh the benefit of regional anesthesia in total hip or knee arthroplasty or its moderating effects as prophylaxis for thromboembolic events-themselves much more common complications of major orthopedic surgery with or without prophylaxis (6 -9) . Second, as the 2003 Consensus Conference statement makes clear, regional anesthesia may be used safely with LMWH prophylaxis (1) . The key to optimizing patient safety, however, depends on a careful calibration of the total daily dose and the timing of the first and subsequent doses of the LMWH drug in relationship to the regional anesthetic procedure. Finally, the challenge of successfully providing regional anesthesia in the presence of LMWH thromboprophylaxis is, above all, a clinical one. Anesthesiologists should do what they can to ensure that all members of the surgical team, including the nurses on the surgical floor, have an understanding of the ASRA guidelines and their clinical applications.
Clinical Trial Results
LMWHs have been shown in clinical trials to be safe and effective forms of thromboprophylaxis for total hip and knee arthroplasty and are recommended as first-line therapy by the latest practice guidelines relevant to major orthopedic surgery, including those of the American College of Chest Physicians (ACCP) (9) .
Current Standards in Medical Thromboprophylaxis
When compared with other classes of established anticoagulants such as small-dose or adjusted-dose unfractionated heparin, LMWHs have been shown to be more effective or as effective, with better or comparable safety (10 -12) . More recently, both enoxaparin and dalteparin (Fragmin ® ; Pfizer Inc.), the two most widely used LMWHs, have compared favorably with warfarin (Coumadin ® ; DuPont Pharmaceuticals) for short-term, in-hospital efficacy and safety (13, 14) . With respect to long-term, out-of-hospital use up to 35 days postoperatively, LMWHs are safe and effective and provide an ease of use and patient convenience not available with monitored drugs such as unfractionated heparin and warfarin (15) (16) (17) (18) . Results comparing enoxaparin or dalteparin with newer drugs such as fondaparinux (Arixtra ® ; OrganonSanofi) and ximelagatran (Exanta ® ; AstraZeneca) have been more variable depending on which two were compared. These results may have been affected by certain factors (e.g., timing of the initial dose) that still need to be sorted out by further trials and metaanalyses (19 -21) , so caution is advised with respect to their use with regional anesthesia because of the lack of data and clinical experience (1) .
Dosing Regimens of LMWHs
Within their class, LMWHs share a similar mechanism with respect to the inhibition of factor Xa, yet demonstrate different relative inhibitory effects on factor Xa as well as thrombin (22) . Thus, LMWHs offer clinicians a range of options for dosing, such as preoperative versus postoperative dosing and once-daily versus twice-daily dosing-differences that in some instances manifest themselves geographically. For example, enoxaparin and dalteparin are typically started preoperatively in Europe and postoperatively in North America (23) . The standard dose of enoxaparin is 40 mg once a day in Europe, versus 30 mg twice a day in the US and Canada. The standard maintenance dose of dalteparin (5000 U subcutaneously [s.c.] every day) is the same on the two continents, but the initial dose of 2500 U s.c. is usually given the evening before surgery in Europe, compared with 6 -8 h postoperatively in North America.
Clinical trials involving LMWH in major orthopedic surgery have examined a range of different dosing regimens using different comparators. When matched with adjusted-dose warfarin, for example, a 30-mg dose of enoxaparin, initiated 12-24 h postoperatively and then given every 12 h thereafter, was comparable in the infrequent mortality, morbidity, and bleeding overall (13) . The investigators also found enoxaparin to be superior in preventing venous thromboembolism (VTE) during the in-hospital period-4 events (0.3%) with enoxaparin versus 17 (1.1%) with warfarin (P ϭ 0.0083)-although that difference essentially evened up by the end of the out-of-hospital recovery phase of the trial, 3 mo after discharge. A year later, Hull et al. (14) demonstrated that postoperative dalteparin, initiated at half the usual dose (2500 IU s.c.) approximately 4 -8 h after surgery and then given at full dose (5000 IU s.c.) once every morning thereafter, was safer than the preoperative or "European" regimen and as safe as warfarin (1) . The efficacy of the two dalteparin regimens was the same, and both were superior to warfarin ( Table 1 ). The relative risk reduction for proximal deep vein thrombosis (DVT) for both regimens compared with warfarin was 72%, and the investigators found the proximal DVT rate of patients receiving dalteparin to be unusually infrequent compared with those found in European trials initiating LMWH prophylaxis 12 h preoperatively and significantly more effective than studies comparing 12-to 24-h postoperative LMWH regimens with other anticoagulants (24 -29) .
ASRA Guideline Recommendations
The recommendations of the 2003 ASRA Consensus statement for anesthetic management of patients receiving LMWHs speak directly to the issue of different dosing regimens among the available drugs (1). Because preoperative dosing is done infrequently in North America-a circumstance that is unlikely to change in the foreseeable future, given the additional costs incurred by patients required to stay in-hospital the night before surgery-this discussion focuses on the recommendations for postoperative LMWH. The ASRA guidelines emphasize that both single-injection and continuous catheter techniques are safe for patients receiving LMWH prophylaxis when regard is shown for total daily dose, timing of the initial dose, and the overall dosing schedule of the chosen drug.
Twice-Daily LMWH Dosing
Because it may be associated with an increased risk of spinal hematoma, twice-daily dosing should not be initiated before 24 h after surgery after neuraxial anesthesia. The guidelines also strongly recommend stricter regulations on the use of indwelling catheters with twice-daily dosing of enoxaparin. If a continuous epidural analgesic technique is chosen for a patient in whom twice-daily enoxaparin is planned, the indwelling epidural catheter may be left overnight but should be removed the next day-at least 2-4 h before the first dose of LMWH.
Single-Daily LMWH Dosing
The European approach to regional anesthesia and LMWH thromboprophylaxis has demonstrated greater safety than that of North America; it may be attributable to the preference in Europe for singledaily dosing. This regimen should be initiated with a half dose (2500 U s.c.) given 6 -8 h postoperatively, and the next dose (5000 U) should not be given until 24 h later. This is similar to the dosing regimen investigated by Hull et al. in 2000 (14) . Unlike with the twice-daily regimen, neuraxial catheters may be safely maintained during LMWH thromboprophylaxis with single-daily dosing. Because dalteparin has a half-life of about 6 h, neuraxial catheters should not be removed before "a minimum of 10 -12 h" have passed since the previous dose of this LMWH. Clinicians should wait at least 2-4 h after catheter removal before continuing LMWH therapy. Clearly, the use of indwelling catheters needs to be coordinated with the entire patient care team, including the orthopedists, who are likely writing the anticoagulation orders, and the nurses who will be administering the drugs.
Clinical Applications

Timing of Initial Dose
What do the ASRA guidelines, when contrasted with the clinical literature in orthopedic surgery, tell (1, 4) . In addition, by the mid-to-late 1990s, several sets of practice guidelines had been established in Europe, issuing fairly consistent recommendations for time intervals between the course of LMWH therapy and needle placement and catheter removal (30 -32) .
Even before the establishment of such guidelines, however, studies surveying the European experience with LMWH thromboprophylaxis through 1992-1993 found a very small risk of neurologic complications for patients undergoing spinal or epidural anesthesia with LMWH prophylaxis (33, 34) . After finding only 1 reported case of spinal hematoma in a review of 19 articles involving 9013 patients-out of the several million that pharmaceutical companies had estimated received neuraxial blockade with LMWH therapyBergqvist et al. (34) concluded that neurologic complications in such a setting are very rare and that the combination of LMWH therapy with epidural or spinal anesthesia seemed to be safe. Today, epidural analgesia is not contraindicated with concomitant LMWH prophylaxis in current European practice guidelines (31, 32) .
The North American experience with LMWH thromboprophylaxis and neuraxial anesthesia is especially instructive with respect to timing. When LMWH thromboprophylaxis after major orthopedic surgery was introduced in the US, the approved dose schedule for enoxaparin was 30 mg every 12 h, with dosing initiated as soon as possible after surgery (1). After the initial reports of spinal hematoma in the US, the recommended timing for the first dose in the drug's prescribing information was changed to 12-24 h after surgery, and this has remained the standard regimen for starting enoxaparin therapy. However, the recommended timing in the 2003 ASRA guidelines for the first dose of LMWH with twice-daily dosing is no earlier than 24 h postoperatively. This is later than many orthopedic surgeons prefer to initiate LMWH thromboprophylaxis and may not be as effective as prophylactic regimens initiated earlier (35) .
In their systematic review of timing of initial LMWH thromboprophylaxis in elective hip arthroplasty trials, Hull et al. (35) found that the range between 2 h before the beginning of surgery and 6 h after its conclusion represents the optimal window for initiating LMWH prophylaxis. Since the publication of the 1998 ASRA guidelines (4), a new dosing regimen of LMWH thromboprophylaxis-half the usual dose (2500 U) of dalteparin initiated 6 -8 h postoperatively, with subsequent doses given at full strength (5000 U) beginning 24 h later-was shown to be safe and effective (14) and corresponds to the single-daily regimen recommended by the 2003 ASRA guidelines (1) . "This regimen approximated the European dosing schedule, but without the preoperative dose," write the ASRA panelists. "Thus, it should be possible to manage patients according to European guidelines."
Is there an optimal regimen for LMWH thromboprophylaxis with neuraxial anesthesia? Citing the lack of clinical trial data comparing LMWH drugs head-tohead, the ASRA Consensus statement does not recommend one drug over another. However, a trial examining anticoagulant effects at the time of epidural catheter removal in patients receiving twice-daily versus once-daily LMWH may provide further insight. Douketis et al. (36) investigated the trough anticoagulant effect, as measured by the level of anti-Xa heparin, in 25 patients receiving enoxaparin, 30 mg twice a day, and 25 patients receiving dalteparin, 5000 IU once a day. All 25 patients who received once-daily dalteparin, measured at an average of 21.8 h after the previous dose, had an anti-Xa heparin level of Ͻ0.10 U/mL at the time of catheter removal. Of the 25 patients who received twice-daily enoxaparin, 5 had an anti-Xa heparin level of Ն0.20 U/mL (P ϭ 0.05) and 7 had one of Ն0.10 U/mL (P ϭ 0.009) at the time of catheter removal. The investigators concluded that, of the two regimens, twice-daily enoxaparin prophylaxis is more likely to be associated with a significant-and, in these cases, unwanted-anticoagulant effect at the time of epidural catheter removal. This result might help account, in part, for the more frequent epidural hematomas reported in North America compared with Europe. It should be noted, however, that monitoring of the anti-Xa level is not recommended by the ASRA Consensus statement because it is not widely available to clinicians nor is it predictive of bleeding (1).
Safety Concerns
Beyond the choice of LMWH regimen as it relates to dose and timing of dosage, clinicians concerned about patient safety have several options, including changing the type of anesthetic technique or form of thromboprophylaxis and avoiding either regional anesthesia or pharmacoprophylaxis. None of the former options is without risk of complications, and both of the latter options are fraught with problems. Avoidance of regional anesthesia during antithrombotic drug use was one of the patient safety issues propelling the 2002-2003 update of the ASRA guidelines (1,4) ; yet, there is ample evidence for the benefits of spinal and epidural anesthesia in postoperative outcome across a wide range of disorders and procedures, including total hip replacement, major knee surgery, femoral neck fractures, myocardial infarction, and overall mortality (6 -8,37-39) . For example, a systematic review of 141 clinical trials accounting for Ͼ9500 patients found that patients receiving neuraxial blockade had less mortality (by about a third), DVT (by 44%), pulmonary embolism (by 55%), transfusion requirements (by 50%), pneumonia (by 39%), and respiratory depression (by 59%), compared with those who did not receive regional anesthesia (37) .
Similarly, clinicians weighing the use of regional anesthesia without pharmacoprophylaxis or with no prophylaxis at all should consult such guidelines as those of the ACCP (9) to assess the comparative risk of DVT with and without prophylaxis. The risk of spinal hematoma-with estimates ranging from Ͻ1 in 150,000 epidural anesthetics and Ͻ1 in 220,000 spinal anesthetics in general (1) to 1 in 3000 continuous epidural anesthetics and 1 in 40,000 spinal anesthetics in cases involving LMWH prophylaxis (5)-is significantly smaller than that of DVT and pulmonary embolism. Data tabulated in the latest ACCP guidelines for different forms of thromboprophylaxis used in total hip arthroplasty show the prevalence of total DVT ranging from 14.0% with adjusted-dose heparin to 41.7% with elastic stockings (9). Among historical control or placebo groups in clinical trials that used contrast venography, the prevalence of total DVT at 7-14 days after total hip or knee arthroplasty or hip fracture surgery is reported to be about 50%-60% (Table 2) . Although prevention of VTE is itself associated with a risk of bleeding and other complications, VTE remains a primary cause of surgically related mortality and morbidity and warrants prophylaxis (1, 40) . It has been estimated that Ͼ2 million deaths a year in the US are attributable to some form of thrombosis, and annual US incidence rates for DVT and pulmonary embolism have been estimated to be as much as approximately 450,000 and 355,000, respectively (41) (42) (43) (44) (45) .
Thus, more viable options would involve switching one or the other form of therapy-that is, altering the thromboprophylactic regimen or the regional anesthetic technique. Although the scope of this article is not broad enough to include detailed discussion of other anticoagulants, it is sufficient to reiterate the observation in the ASRA Consensus statement that bleeding is the major complication of any anticoagulant therapy. Clinicians in general, and particularly anesthesiologists, are encouraged to consult the ASRA guidelines for recommendations on the use of unfractionated heparin, warfarin, and other anticoagulants such as fondaparinux when patients are to undergo invasive procedures (1) . For example, when thromboprophylaxis with warfarin is initiated, neuraxial catheters should be removed when the international normalized ratio is Ͻ1.5, whereas performance of neuraxial techniques with fondaparinux is only recommended when conditions approximate those used in clinical trials. Furthermore, anesthesiologists should note the caution that, although the ASRA guidelines are focused on spinal and epidural anesthesia, the same principles apply when the alternatives of plexus and peripheral blocks are to be used. The associated risk of spinal hematoma is not relevant to most cases involving plexus or peripheral block, yet complications related to bleeding are always a clinical concern.
Several case studies can be instructive in the absence of traditional clinical investigations. Several cases of vascular injury, some of which resulted in nerve dysfunction, have been described involving the use of plexus or peripheral techniques in patients with normal or abnormal hemostasis (46 -48) . Major bleeding has been reported only in cases in which psoas compartment or lumbar sympathetic block was performed. One case involved a patient with a mechanical heart valve who had received warfarin and was switched to standard heparin in advance of a knee replacement (47) . Heparin infusion as well as oral anticoagulation with warfarin were restarted 8 h after needle placement. Two of the cases involved patients who received perioperative LMWH with psoas compartment block. In one case, enoxaparin was initiated 40 h postoperatively, well beyond the earliest time recommended; however, the catheter was removed just 2 h after the previous dose was given, at a time of peak anticoagulant effect. The second case involved a patient hospitalized with a calcaneal fracture and who was then administered twice-daily enoxaparin therapy (48) . After two successful surgical debridement procedures performed under combined psoas-sciatic block, attempts at psoas needle placement-made approximately 20 h after the last dose of LMWH had been given-were unsuccessful and traumatic when a third procedure was required.
One can see from these cases that, as with neuraxial techniques, successful use of plexus and peripheral Adapted from Geerts et al. (9) (permission received). VTE ϭ venous thromboembolism, DVT ϭ deep vein thrombosis, PE ϭ pulmonary embolism, THR ϭ total hip replacement, TKR ϭ total knee replacement. a Prevalence of total or proximal DVT among control or placebo groups in clinical trials determined using mandatory postoperative venography. Indwelling neuraxial catheters may be safely maintained but should be removed a minimum of 10-12 h after last LMWH dose; start subsequent LMWH dosing a minimum of 2 h after catheter removal.
Source: Horlocker et al. (1) . ASRA ϭ American Society of Regional Anesthesia, LMWH ϭ low-molecular-weight heparin.
blockade depends largely on timing and handling of needle placement and catheter removal in conjunction with the timing of the anticoagulant regimen. Although the writing panel counsels "conservative" application of the ASRA Consensus Conference statement to plexus and peripheral techniques, the guidelines conclude with a recommendation aimed at anesthesiologists interested in keeping their options open for regional anesthesia (1): "The decision to perform spinal or epidural anesthesia/ analgesia and the timing of catheter removal in a patient receiving antithrombotic therapy should be made on an individual basis, weighing the small, though definite risk of spinal hematoma with the benefits of regional anesthesia for a specific patient. Alternative anesthetic and analgesic techniques exist for patients considered an unacceptable risk." Clinicians conversant with the recommendations provided in these latest guidelines, including those pertaining to postoperative initiation of LMWH thromboprophylaxis (as summarized in Table 3 ), will be better equipped to reduce that risk for their patients. Communication and coordination among the entire clinical team will then go a long way toward ensuring the prevention of disastrous outcomes.
